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1. Colchioine is  an alkaloid present in oorms and roots of various  

Liliaceae, partioulariy  ColchioU auuumnaie, -t;ne fiieadow safiron.(Kiein 84 

Pollauf '29) Although it has never been fully  synthesized, the resesrches 

of W indaus  and others indicate the formula reproduoe& here: (from Henry 3 

‘39) If will be observed that the nitrogen is  on a s ide chain and tiat 
P'&b-oI 

there is  an acetanilide nuolens  present. @o2.eL) T td-ky ~,~w'~~+~'~~ 

Saffron extracts nave been used s inoe Byzantine times as an empirio& 

specific  for gout,(Rushy et al., '30) W ater am uric  acid excretion are 

s timulateu. However i 
P 

tes tinal inflmuation and respiratory depression 

i'requently  occur so that this  drug is  not widely  useu in Ino&ern practice, 

li'eqarature piay s  an importan't part; in dei;ei-mining the ,r;ox ioity  of t?nis  

drug, warm bloodied animals , or r rogs kept at a high terfqperature,-having 

400 times  ULB sensitiv ity  as cold-blooded.(F~ner,...,'33) Jacobson ( '25) 

reports a specific  paraly s is  0T oardiac  parasympatnetic terrainations . 
I"4 L.v : 

%  
‘h-e ka,+ P""- t " l '~p--g c(LLI +i 

Lor%niori fir.ds  a modifi ation of zhe Arnet;h leucooyte aout, a iowered 

renal threshold ior gluaose ana a aecrease oi liver  glycogen, all inhioa- 

ting an interference witn renal mechanism. Clark  oc Barnes '40 find 
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tha-i; oolohicine poisoning, iodoaoe tate poisoning, and adrenal-Goi.-(;ical ueii- 

ciency are all relievea by t;he administration of salt-water or of aortical 

extra0 t . AC *A& \ 

There are also soatGerea reports in the Brench lit$erature of stimulatory 

effects on parathyroid and testiaular tissue. 

It is plain that the general pharmaooLogica1 eli.ects of this cirug Rave not 

as yet been reoonciled ir, cng oompreheneive theory on the mecharism of its 
/ action, 

2. It is not on the basis of the above-listea properties that Solohicine 

merits the attention that it reoeives from biologists today. A number ox’ other 

eilects ot’ this drug have ‘caen recorded which are *traoeab.i.e to its erfects on 

cell-division. !l!he ‘&~&~~&*e~r~~~ $J$j$ ‘2dAA , whioh Colcnicine introduces 

ilzeo ciell-division-rlah been oallea tne C-Xitosis (Levan '3b). The early ni8- 
'+L&&ky -4 --A 

tory or its sfa~iffcati6n has been reviewed pulte aaerjuateiy lz$ ljerriien '4, am 

Fyf’e 
tu r 3~) anuhwili not be repestea here. The worK of LeTan (‘3c1,‘;SY) acscril;es 

. the c-mitosis as fOliOwS.- itq tile root-l:erlstelll 01 Allis cepa; tm 

concentrations of’ the arug varying irom .OG?b;; to 1;0, appl$e& k; merely grow- 

ing the roots in the Cest SOlUtiOn: 
.w 

Prophases proaeed normaLAy, and4polar caps may appear in the ekrlaest c___ -._ Tu 
s?;ages.kspindle however aoes not Become organizeu, 

t- 
As a result t;he rttt-’ 

&s* 
Ws never oriented, a&& shy- 080 8 do not appear on The equatorial plane. 

Cell 
Insxeaa they remain sea-ci;erea about the , spparently Tar as long a8 seven or 

eight hours. The xinetochore is aLso somewhat influenceci. i’or it lees not cti- 

vi&e 

however soon 

so %hat x &aped chromosomes appear, the point of junct;ure being thebunsp&& 
J-Lkmamw rLk~~.-L~ 

Kinetochore. Evea -t;his too uivities,yielciicgb* in a texraploia c%gtx3a 
*vlc%AsGl I on now ensues, 0~~4; She uison oi cne cnrorr~v- 

somes results in oanalizea ana in poqmorp~i~c, pycnotio nuclt3i. %ese la&b 



C-telophases give zhe ialse appearance of ~~n~~osis. Tness reconscimted nuo- 
c i' - ‘L; 

ciei are now te-~~ploid ora-r;-+~+-&+%e-~-are--2x-with respect to r;ue paren.1; * 
# 

nuclei. oids Cad be fuaue 't h~~uOZji~OU~~UlPlO1US. TniS i.~c;~as 
QL.- 4 02 chromoso~ uouciing 0a.b ce repeatea.indefi~litely. In the reuuction-aivisior 

of the Z=porocjrtec (Levr*s y39) a fundaentally siirtiiar pattern applies. In SO:W+ 
+ tic mitosis the presence of ‘Ihcnro!nosmes ana the absence 02 tne spindle are 

W diagnostic +,eatures 4i 2 cblohicine activityA j-i-dL&bwd 
,YLti k 

This mechanism of gO.QpLOiciy depencis on %hs nO~'+fWX%'ti0fi oi Xhe SSpiIIclie 

ana is not to be oonfused wi%n tnat induced in the resting pnase by netero- 

Cytological investigations on tne eILectS: oi colcnicine, parcioularly in- 

tsresiiing to gsnetioist2 .tos oksulcns reasons, nave been mde on a great numD6r 

of organisrps, plant and animal, so!!le of whicn are sw:uilar'izea in tne i'ollowing 

table: 
TABLE I 

Investigations on ogtologioal eliects oi Colc.hisine. 
Kater iai Effec-r; 
Trarhscan2iz, stamen hrs c-mitosis 
BP~MBMxuB &: Datura po&yp1oidy 
Bea,hllium,eta root c-mil;osia 
Allium root' +mitoels (goou llius.) 
2ritioum root c-mitot3is 
var. rcots c-mitosis 
Pinus seeds mixed polyploidy 
Pteriuopnyte gam. poly~loldy 
MarohanGia pol$yLo iay 
Spiroggra binuoleate 
Saocharomycetes No Effeot 
Schizomyoetes Uo Effect 
Seview on plant mat6ria.L Boas 8c':Gistl.e '39. 

Tissue culP;urs (an.) arrested cett;$'Lase 

Y.C. human oanc er arrested metaphase 
Xouse organs artsr injection arrested metaphase 
Frog (tadpole) tail epidermis arrested metaphase 
Frog we; arrested oleavage . . -, - 

3eferezce 
Bebel & But ti,le '3 
3uucbsLee ..'37 
Ei$Fsl;i ' 38 
C'gara '139 
Beams & King '2% 
3himamura '39 
Xirou..'& 
2osendahl ' Yi 
blakeslee ' 39 
Yamana..'41 
Richards '38 
%al.ker . . * 40 

Ludford '36 
Cjy&rki.l '37 
Cughterson '37 
Brues & Cohen '3, 
Lein '41 
Keppel ., '39 
*u'Jelsh unpub pycnotlc nuclei 

arrested oleavage,tetrapldy Piucus.. '3'3 
giant sperm, differentiation 
OP cellular elements without 
oell division Dodey r 41 

Zrog egg 
iiabi;it ova 
Orthopteran testis 



nave been reported as fol~.ows: 

Oryzias (teleost) Bazerrpan ’ 4d 
Qa11us i chicu*) Ancel I(c Lallel;lonu 
hima (anur~n) i/c lsh unpub. 

vt3r.i ous 
's2opnosomic' 

enogastruise 

Tie have every reason ‘t;O tzeliere -ixat the 'al.res3ea mei;apnase of the 

zoologists is: tqulvalent to the caitositi UI tm Cotaai~ts. The innir:icion of, 

syinu_te lw~ction is the prirc-.e cause. 

3$,&j I- %'ni.kc colchicine aemonstrases c-mitosis witn tile clearest; ad greab 

I i&t exliuacy, ic is cz no means -tne 0nJ.y rt;agenr, UrlaL will inaui;e poIypIuiay 
7 

a great many Sucn sompmnb3, incluaing acenapcnen,y-aichlorobenzene,na@dif3~en 

Luaforil '00 Linus tnai, slight moaiiitiations (uemeGhylation) OL me uoloniclne 

molecule tiesiroy its c-activity. 

In pa1‘ticular,however,trle ansscueiios are representea in 5ne I~st, 

and it xas been suggested t&a% colchioine acfts as an anestnetlu. 'flls view is 

cieait wi.%n more fuLq below. 

In concordance with the ellects on spintie a greai; nUt2er 01 oon- 

sistefi'ii ocse~vations nave oeen maae inaiuating triatypaysical correlative 01 

7jlle spinale inhibition is a mociification 02 the viscosli;y ~LIL~JL~U 02 mi2oeia 

(~eiiarunn '281. 
Pl~b-4 t&A 

The e%i'ecthis S&~&S a rciluation.in, tkrat viscosity. Wilbur -t;P c :I?tr,q ,ti~Gq JtLt- 
-7F 

q=Wk a4k7‘ 
'40 on Arbacla eggs r'indrttiat-the *sk%x?X .%kaccompanying metaphase is ux?it;- 

* 
ised, bus that the 'ktanaar~'vlscoaity is unaflec2e&., Beams & King oome So a 

similar conolusio-n on Triticux seedings, as aoes Wada ( ‘4ilj) on living Traaea 

cantia sz;aJ?linal hairs, driu Lein '42 On ~G~ycera eggs lil nyp0xilrt.i~: seawaGer. T 
h 



The causal relations 01 plrfese phenomena are not revealeci,nowever, That is to 

say, is 3x3 colrttiicine e9r”ect directly on ‘rhe cytop,i:2smi.~ viscoeii;r, or 18 Gne 

uifr!inu5ion of the laT;ter ai?. incise-fin-6a-l constjluence to a more uf.racT; in’nibition 

of the spindle. The Supposed aot3*~oll be&xvior of anestnecic:s i.rl &ecreasi<flg vi.S- 

cosity is interes5iag in 'Grit3 i201:;ec-~io.fl. FW?t;h&J? pro~~reti;s in bris ulrec*cion 

is prok:xh,la y-Giti5ti for in%ePezx:er+ kro~;ress 0~ f reeezrcn on "the na%ure tiL &he 

apinuls. 

Lillie('l4,'16) has gbserved cnanges in waber-perrneaDlhiby auk eleo-cricai 

poia-i-r;jr ti,k‘ fine cell membrane uuring sea-tircfi1n egg alvl:3ion. iIo~~eve~*,~~o re- 

ports appear in Me ~i’lieratiure 4vizn respeaC ‘co cvlcrlic ille e.iLec Ls. 

Guinoolet lincls ctiarlges in retie pH and osmotiic pressure 0.1 COLCIllCi~iZ8~~ 

Triticurn seedlings.(G,,‘40) : 

PH vacuole ILram 4.8-0.0 to 4.4-4.8 .3 aecrease 

pH cy-toplasm lrorn 5.4 z@ 0.2 .2 aeccease 

05x1 i?r ‘ted’ ‘I.1 to 11.1 Alxl0E. 551/o increase. 

The increase in osmotic pressure is a refAecFion of the very Swo~~eLl ap- 

pearance ‘cnat meristemtitic cells nave &7;er erleczive trea-tment wiitn oolcni- 

tine. The pli change is considered lurzher L)elovd. 

There is as yet 30 ryti0PaA.a *or coichinine e~:~eotS nere. The prob.L.e2i may 

however be at;iaoKed f'roxn a criemicai vieWpoin.6. If one irl a negative way, i,he 

work Were nas cf3en mort~ fruitful.. 

on ii:r 2~~e~~iis~iy of cell-ai-irisi 826 uiacustijek in 

Mfb-~-l*--Bf~~ fy&- &f~LfJ~*~~' l2y 72ie present aut‘ner, to Which 

.-ma- $jgg&&& &f&-w c g+- ti"rc: miam u-n$-$.'i? s bexireen actiVisy f3lW 93el;ftbo~iSfl 

--~--~fl--zU~xxxk *-z~-~~~pl-ez ana uizsC71re, -Ge colcnicine siUti0.n c8n T 

onqr. emphas-t zc this; 

Gal ('33) workj.ng on the anesChetic nygothesis ~tesI2eU the rjilt3CtS Oi GOL- 

anicine on the activiT,ies oi dengdrogen&ses, aila ckek?;:eA The reBz;LII;S agai::EX 

IJnU~~G . . &--d sodium caoouyAa%e, wnicn has si!nUar cytc Lo~iu%~ eIie(rxx. The 



caaodye3e k=2(? ??o erxect orl rzny of the creis - suLstra?ies. Co.lchicln6 had no 

eI‘fect on succinic, glUCOS6 Or gl.ycog6n aehy&rogenases, but partialiy inhicl- 

tea Lactic anu citric aengdro;exses. The source,ulifort;unattiy, was beef 

muscle and liver, in neither of Whicn c-activity can be aemonstrated. However 

afi interesting nypotxesis to test wouci be tnat the lowering of pH in Gui-_?o- 

che't's Trlticum 1s a conseQuence of the accumulation OX 1acZic ana citric 

acia. Thi? nypoxhesis is especially infereeting in view Oi 3Uhlana ana 3ams- 

nom's ('38) determinations of tne S.2 in meristemu, ana 0I' tne presenoe oi 

acetia dehyarogenases, indicaxing anaerobic fermentatioa. This is aisousaea 

more completely in the succeeding repor-t;. 

At any ra’ce, oolchinine iioes not worx cy bioclzing oxygen SuppLy at any ear- 

ly stage. The effects of oxygen block are very muon ai.zI'erent. BrOCk,DrucK- 

rey, anal XerRin ('39) find that colahicine concentrations tiOx those required 

for complete division block in StOngyiWentrOtUS nave no 8li6Ct on tne oxygen 

aonsw;?ron of tnese eG;Ss, Yatton 22 Bebel ('W) fina that the drug does not 

affect respiration at al1 at .0002M, anu haives it at .GGO&i. Both of these 

concentrations prObaDLy are consiuerably in excess of tnat reytci~eri for c-nil 

tosis in their material, excised Zea roots, but no figures are given. The an4 

wer to this mechanism, like r&a% for the cnesthe$ic inhlbltiorl of ot;ner ce~i 

activities is not to be sought iii tne to-Gal respiratioii 0.~ lnbtabolism mz fro 

som6 specifio moiety tnereoi. In spite of these negative conclusions,8n enzy- 

matio hypothesis for o-acrtivitg remains a promising one, if Llot the only one 

that iE zucce>siUe to any form of att;acK. 

Other observations on the enzymatic ac'i;ivity 02 colchicine are mostly 

negatives. However, Patton SC DTebel, op tit, lind a aepression oi proteolysis 

af a concentration of .GOOlM which may l;e at or not too mucn above 't;ne 

threshola for c-activity in tneir Zea roots. 

Krugelis finds no i-nhibition 02 the acia-pnospfiatase aotivity Of yoUJIg 

rat testis by oolahioine. (unpub.) 



Smith,‘41, fincis an acceleratxc? o-f‘ malt uiastase, anu no airect innibi- 

%ion of inverl;ase by colchicine. 

Gnce again we can only say tnat no final conclusi'or, is possible. 

4. Although tne main boC1y of this paper oontaxns all. 02 the previous 

2rincxpal worx on colchicine, tne author is in tne miast of soide investiga- 

tions whiotl may yield another approach. That investigation is by no means 

complete: indeed it nas barely started, anu tnis r;apttr is not $0 ce regardai 

i-n any sense as a puclication. It is incendecl rawler as a systematization 

of the present situation, and as a cont~~icu-cion ~0~s the interest or tnose 

wrlo have showr swe so.Licituae ior my elriorts in tniz uil’eczion. Cczaec;~14nfAi . 

ly the remainder oi his paper will be on a more speculative, rlypotner;ical 

basis. 

In the course oi some routine cytological stx:es on cImi-60sls 1% 

2fie kiliium oepa root-tip, the author in Diaroh lY41 came across some inuica- 

tions of a gradient-of- suseep&cil%%y w c-or~~oine in the onion root tip. 

!kis was foliowea up by some wOrK in the Spring 02 194% Whion ooniirmea this 

conoeption as 10l~owS: 

Onion bulbs were grown in the darn over tap-water for S-4 aays until 

roots 1-t: em long appeare&, ,Then a stated colchicine solution was sucstitu- 

teu for me water, repiaceci every few i!ours. The rOti%-tips were -G&en CUT; 0ti 

at sisated times, xixeci, and stained for cytological stuay. Col~nts were made 

of tlu longitudinal secfions 02 the types of division figures presenl, and 

segregateacinto the groups: propnases,norrf1aiC mezapflases,atiap,flases, Felcyrxm63 

ana c-mitoses. Garner9 luciza SKeGcnes were maue unuer low power,uivision 

xigures picked out, ana tnen all. or‘ theve were e-xaumea u-mer nlgn goT::er,exl 

t!!e type and relatiwe locality of eacn siretch maz-%eiL. Cnartc II and11 are 

grapnic representations 02 the numoers of each type of Iigure in 3 sections 

with respect to time, at /006$ and .OOb$ aqueous cobcnlclne respectively. 

Tne sKetcnes ir,dicateti very aeIinitely tina- a-c tnesb ccnce1xxb51ons 'l;ne er'- . 

feCt vias localize&, and that furtlermore,nori,,~l uri UW~; were alxsys I'ound 
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when present,apicaLiy to c-mitoses. krk;rlermore the iine of deparcatio-n 

was sniYted basipf;;l;aliy at the higher concentration, alijnou~n ais line 

shifteu very much more with time zhan in response to concentration d,f- 

ference. 20 very satisfactory analysis 01 me cnarts is ye-r; Torcncocling, 

anu Idiecua7;a are stir t0u incomgdete to be entirely signisic2nt so tilaey 

are presented kit;.-out co!rktent. 

Tnere are a-t; lerss two posz1DiLltles ir, trle 1::1;erpresaziori 0T trle gra- 

aient, requiring exporlmr23aI T;est. Eecause of c.litLerent?nl a5sor&-5ioi: in 

cne regicr: og diZLeren~51ac,..on or eioa~tiz;~ng Ghere r;~tj exist an arZi:lc;lai 

COF( *, xlzraziiin graalen-l; aomn I;ile rout tip. :,r f;.[!e f’rrzie2C -2;: ce l.rl7xinslc 

,-I me cells. Ir 7;he xir;t iaterpreiiation survives cesc cy cuu,-i,ir,L a,iLI cu.L- 

zuring exFeriments,lt will ~0'; be Fossible to use this a;?proach. if the 

graaient is intrinsic,tne results ‘of at-bempts to extinguish or acoencuate IX 

wouid be most interesting, Such srelir;=inary experinents with Pb, qscide, aB 

methylene blue indicate only that the balance CC figure-types is upset by 

the aeeuzul,tion of prop&bee ~2 ok’ vege;lative cells, in acccrdance v:i%L TIE 

independent proper Ziec; of tn@Se reagents. At tnis point one can 011~ say t;% 

teat e,x-gerin'en%s are ueing planneci anii x3jl shordy proceed. 

The autuors atuenp cs to measure dehyurogeaase aci;ivi.xy 011 trhvir zips 

K~L vitiated by ‘the acsorpcion 05 z:esh:;Lene blue b;, xe cap anu elonga6icu 

regions ,~irsst,anti %i2en -xe r~.E;i'is-gem. ;&en 1216 k;li iLrt: r;ip bat3 6oLtiI*ecL,iLY ;,at 
,. CLi.C 11T;i ii ~0 aecoLuLis* 1;; T ur _ e AIlUIGLi't; vaauul~, w(,~lu 'Gr!is ueG'OICI~'iZa~lo:l Sac 

se, cl; e ,.i 0. i1.i.e 1 ie c -beti ~4 lrllb I)A'tjW 'lf'c, I, ( c rl5 cf CL i c i J! r . Pnr uonai'cioli~ c)l ditl klLL&jm .k 

i;! ttli G ~2~:~a.w rsplcl@ion. 
,?a, -L-I e ;-xec.qT; l;h eri -0 COL’r6ie~e L’3.LrapSje D.L Sp11?~U2etr I.iil!c GlULi ti L 5ii ~~u,i- 
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